Seasonal changes in crop contents and the food preference of 2nd, 3rd, and 4th instar larvae of Chaoborus flavicans were studied in a small, eutrophic pond during April-November in 1987.
Introduction
Larvae of Chaoborus are well known as carnivores which occur in various habitats and sometimes in large numbers ; densities of over 50,000 m 2 have been reported (Boxu'I zKY, 1939 ; BoNOMI, 1962) . Crop contents of Chaoborus larvae in field have been studied widely (SIKOIZowA, 1968 ; GREEN et al., 1973 ; FEDoRENKO, 1975a ; LEw'Is, 1977 ; PASroROK,1980 ; HARE and CARTER, 1987) . Most of their identified prey species in nature have been zooplankton, especially crustaceans and rotifers {SIKORo A, 1968; FEDoRENKo,1975a, b ; LEWIS,1975 LEWIS, , 1977 . In a few cases, algae were observed inci dentally in crops (SIKORowA, 1968 , GREEN et al., 1973 LEWIS, 1977) . Several workers have investigated the percentage removal by Chaoborus of the zooplankton per unit time (DoosoN, 1972 ; ALLAN, 1973 ; FLooRENKO, 1975b ; KAJAK and RYBAK, 1979) .
In these studies, only zooplankton have been regarded as the food of Chaoborus. However, Chaoborus americans larvae were observed to prey on Bursaria and Volvox in laboratory (WAiI 'ON, 1988) . Most workers attribute herbivory of
Chaoborus to the avoidance of starvation when animal prey is scarce (GREI'.N et al., 1973 ; LI:vyIS, 1977 ; WA! TON, 1988) . Recently, in a tropical lake, a dinoflagellate, Peridinium, was observed to make up a major portion of the diets of Chaoborus larvae, something which was probably not due to the scarcity of animal food (HARE and CARTER, 1987) . The present study was conducted to clarify the feeding habit of C. flavicans in field and to determine whether their feeding on phytoplankton was only due to the scarcity of zooplankton prey.
Study site
The present study was undertaken at a small eutrophic pond in the compound of National 
where E, is the forage ratio for prey species i, K, the proportion of species i in the diet (based on dry weight), and F, the proportion of species i in the environment (based on dry weight). D. rosea was excluded from the available food items for 2nd instar larvae of Chaoborus flavicans, since it was never found in crops of these larvae. Values of 0 < E, < 1 indicate avoidance, i.e., food intake in lesser proportion than available, and values of > 1 indicate preference, i.e., food intake in greater proportion than available.
Results
The seasonal change in mean water temperature from the surface to the bottom ranged from 4"C in January to 26°C in August and September.
In winter, there was no difference in water temperature between the surface and the bottom.
However, in summer the difference was sometimes as large as 10°C. Also, the initial densities of 1st and 2nd instar larvae were underestimated due to low sampling efficiencies for these instars. Productions of 2nd, 3rd, and 4th instar larvae of the 1st generation were 0.06, 0.69, and 1.95 g dry weight•m-2, respectively.
Ceratium hirundinella bloomed just during the 1st generation of Chaobarus ftavicans. Figure 3 shows the seasonal changes in Biomass of C. flavicans larvae in water and sediment Apparently, crops of 4th instar larvae (both in water and sediment samples) were empty more frequently than those of younger ones (2nd and 3rd instars). The mean proportion of crops containing only unidentifiable debris was apparently higher in 4th instar larvae in water and sediment samples than in younger ones. There appeared some differences between 4th instar larvae in water and those in sediment samples in percentage of both empty crops and crops with only unidentifiable debris. Both percentages were always lower for those in water than in sediment samples. The difference in percentages of the empty crops was largest in November ; the percentage of the empty crops of 4th instar larvae in sediment samples reached 73%
while that of the 4th instar in water was only 27%. Table 3 shows the percentage occurrence of food items identified in the crops of C. flavicans larvae.
The figure for Ceratium hirundinella was very high during the period from April to July, especially for younger larvae (2nd and 3rd instars). D. rosea was used as food for 4th instar larvae of Chaoborus flavicans ; occurrence of D. rosea in the crops of 4th instar was more than 70% in April. On the other hand, only one larva of 3rd instar and no larva of 2nd instar were found to prey on D. rosea.
Chironomid larvae (Orthocladiinae)
were also found in the crops of 4th instar larvae both in water and sediment samples in April. All C. flavicans larvae during this period were of the overwintering generation.
As these chironomids could not be identified to species, it is not clear whether these chironomid larvae were benthic or not. Cannibalism was found in 4th instar larvae of C. flavicans in May, June, and July. Of five cannibalized larvae found in crops, three were in 2nd instar, and two in 3rd instar. Although E values for rotifers were sometimes as high as 55, their contribution to the diet of Chaoborus flavicans larva of each instar was less than 5% on a dry weight basis. On the contrary, in May July, the percentage contribution (Table 4) ,
Fourth instar larvae preferred D, rosea smaller than 1.0 mm in body length (87.0%). Individuals larger than 1.25 mm were seldom found in the crops only although the maximum size found in the crops was 1.67 mm. Since the mature sizes of D. rosea females were> 1.22 m when the water temperature was below 25°C (SIIEI, et al., in press), the larvae of C. flavicans almost did not fed on the adult females.
Discussion
If starvation is the sole stimulus for Chaoborus to feed on algae, then Chaoborus should feed on the animal prey but not on algae when the available animal prey is abundant.
In the present study, during the period from April to mid May in 1987, D. rosea was abundant, though the other suitable zooplankton for C. flavicans was scarce. The younger 1st and 2nd instars were unable to prey on D. rosea, so it is not clear whether their feeding on the Ceratium hirundinella was due to starvation or not. However, the 4th instar larvae managed by feeding on D. rosea. During the period from 8 April to 20 May, biomass of D.
rosea ranged 124-978 pg dry weight•l-'. Also, more than half of the total biomass of D. rosea was composed of those smaller than 1.25 mm. The expected daily ration of C. flavicans was calculated to be 5-9 pg dry weight•1-' d-' assuming that the daily ration is 4.6% of the body weight of Chaoborus (LEwls, 1977) . Apparently, the amount of available D. rosea was far more than the required daily ration during this period. Therefore, in this pond, 4th instar larvae of C. flavicans took algae even when the animal prey was abundant. This meant that starvation was not the only stimulus for C. flavicans larvae to feed on algae.
In Opi Lake, HARE, and CARTER (1987) found that a substantial portion of the diet of the 1st instar C. edulis, and of all instars of C. anomatus and C. ceratopogones consisted of Peridinium. They suggested that the feeding of Chaoborus on the alga was not due to starvation since zooplankton was abundant in the environment and was consumed in substantial amounts by C. edulis during the same period. The present results agree with their observation.
Ceratium hirundinella made up a major portion of the C. flavicans diet during May July for all instars. The production of the 1st generation in 1987 indicates that the larvae feeding on Ceratium hirundinella grew up successfully. Swt~si'E~i et at.
(1973) also observed that animal food was not an absolute necessity for larval development of C. flavicans ; they raised even pupae from eggs with only filamentous algae as food.
The dry weight of C. hirundinella was 0.01 pg• McDonald that predation by C. trivittatus is heaviest on prereproductive instars of D. pulicaria. The mean body length and size of the compound eye of the 4th instar in sediment samples were larger than those in water column in autumn, and also different from spring and summer samples ; on the other hand, in autumn, most larvae in water were translucent whereas almost all in sediment samples were opaque due to the accumulation of fat within their body (Stiei C at., unpublished data . Thus, it appears that, with the coming of autumn, the young 4th instar spent most of the time feeding in water ; when developed fully, they tended to stay in sediment longer and their feeding activity decreased simultaneously. This decreased feeding activity in benthic larvae was confirmed by the presence of many empty crops even though the available food for C. flavicans was abundant during this period.
The present study showed that the forage ratio of C. ftavicans for any prey species in the pond changed seasonally. This agreed well with the result obtained from an enclosure experiment conducted in a eutrophic Polish lake by KAJA~ and KvBAK (1979) . Ceratium often dominates the summer phytoplankton community in small eutrophic lakes and reservoirs in temperate regions (RF1tioius, 1976 ; Lt ND, 1978 ; T11RE; LKELD, 1979 ; 11F,yNEY and TALLING, 1980 ; TAYLOR and Gt.i~hiNc, 1985) . The maximum density of Ceratium hirundinella (92 ml ') in the present pond lies within the range of the reported maximum density of 500 1,000 ml-' (REYNOLDS, 1976 ; HFANEY, et at., 1983 ; HICKEI., 1985) . Selective feeding of Chaoborus on algae similar to the present study might occur in other water bodies where large-sized algae such as Ceratium are abundant. In such waters, both phytoplankton and zooplankton biomass should be taken into account when evaluating the effect of Chaoborus on the zooplankton community.'
